It has long been recognized that the aqueous mixture of hydrogen peroxide and ferrous ion, known as the Fenton reagent, generates powerful oxidants. Furthermore, the chemical intermediates and reaction pathways of the type generated by this reagent have been implicated in oxidative damage in biological systems. Although the subject continues to be debated, the hydroxyl radical (-OH) is generally invoked as the predominant oxidizing intermediate formed by the Fenton reagent. However, recent results from this laboratory have demonstrated that the principal pathway for the Fenton-mediated oxidation of N-nitrosodimethylamine does not involve -OH, but instead must involve the intermediacy of another strongly oxidizing species. This conclusion was based on stopped-flow spectrophotometric observation of a transient, A, believed to be an iron(ll) nitrosyl adduct, which was formed at a rate five-fold faster than that predicted for formation of *OH. Subsequent experiments have shown that methanol and other organic compounds can quench the formation of A. This quenching procedure provides a unique spectrophotometric probe with which to examine the relative reactivities of putative Fenton-type oxidizing intermediates toward organic substrates. Presented here are the results of several such quenching studies, plus an overview of our mechanistic investigations of the Fenton reaction. Environ Health Perspect 102(Suppl 3):1 1-15 (1994).
Introduction
The reaction between ferrous ion and hydrogen peroxide in acidified aqueous solution was shown by Fenton, in the late 1800s (1) , to generate a powerful oxidizing intermediate. The chemistry of the "Fenton reagent" has since been a model upon which metal-mediated oxidation by peroxide in biological media has been based (2) . For years, the nature of the specific reactive intermediate(s) involved has been debated. For example, in the 1930s, Haber and Weiss (3) argued that the hydroxyl radical (0OH) is the principal oxidizing species, while Bray and Gorin (4) proposed that a metallo-oxo species, such as solvated ferryl ion, was the predominant oxidant. Later, Merz and Waters (5, 6) suggested that the involvement of OH was supported by the stoichiometry of the reactions taking place in the presence of Fenton reagent. In 1952, Cahill and Taube concluded, on the basis of experiments utilizing 01 8-labeled peroxide, that the oxidant present under acidic conditions was most likely a metallo-oxo species (7) . The hydroxyl radical has taken the more predominant role, dating from a 1975 review by Walling (8) which surmised that the lack of effect of differing ionic strength on the rate of reaction of the oxidizing intermediate with Fe2+ and methanol at different perchlorate concentrations was evidence that -OH constituted the predominant oxidizing species generated under acidic conditions (Eq. 1).
Fe2+ + H202 4 Fe3+ + -OH + OH- [1] Since the early 1980s, the involvement of oxygen radicals has been proposed in many degenerative conditions, including cancer, senility, autoimmune disorders, etc. (9) (10) (11) (12) . The cytotoxic and cytostatic actions of cells of the immune system were also thought to result from similar chemical events (13, 14) . As a result of the increasingly recognized physiological importance of this chemistry, discussion of mechanistic aspects of the Fenton reaction has intensified. Iron complexes with chelating ligands such as EDTA have been examined under physiologically relevant conditions. Electron spin resonance (ESR) spin-trap studies revealed the existence of the 5,5-dimethyl-1-pyrroline N-oxide (DMPO)-OH adduct, and this has been used as evidence of the generation (and, presumably, the intermediacy) of OH in oxidation reactions occurring in the Fenton reagent (15) . Competitive kinetic studies have been performed to compare the reactivity of the oxidizing intermediates generated in the Fenton reaction with authentic OH generated by radiolysis of water or photolysis of H202. Rahhal and Richter (16) examined Fe"(EDTA) oxidation, and suggested that an oxidant other than 0OH was generated in this system. Koppenol and Rush (17) , after studying a number of chelated iron complexes using stopped-flow spectrophotometry, concluded that a metallo-oxo species was generated in neutral solutions, while OH was predominant in acidic solutions of nonchelated iron. Sutton et al. (18) arrived at the opposite conclusion, that unchelated iron generated a metallo-oxo species as the primary oxidant, while OH was predominant when chelated iron was present. Several review articles and research papers have suggested (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . A dation of NDMA by -OH (20) . tudy, based on the assumption that To investigate further the possible role l-OH adducts are formed solely of -OH in the formation of A, the reac-)H, has suggested that there is tion of this radical with NDMA was Lan one type of oxidizing interme-examined using authentic -OH, generated -esent, and that the ratio between by pulse radiolysis (20 For NDMA concentrations > 25 mM, this model could be numerically fit to the observed temporal absorbance changes obtained from stopped-flow spectrophotometry (Figure 3 ). In the absence of NDMA, the spectral changes show a single exponential increase in [Fe3+] ( Figure 1B) . Thus, it appears ?ikely that transient A is a closely related species. As we have shown previously, the formation of A displays a substantial deuterium isotope effect when the substrate is NDMA-d6, thus C-H bond cleavage would appear to be directly involved in the rate-limiting process.
To ascertain the relationship between formation of transient A and of the denitrosation products, a competitive kinetics study was 
